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Abstract:
In commenting on our review article about barriers to climate change adaptation and mitigation (Williamson and Nelson 2017, Can. J. For Res. 47(12) : 1567-1576, https://doi.org/10.1139/cjfr-2017-0252), Wellstead et al. (2018 , Can. J. For. Res. https://doi.org/10.1139 /cjfr-2017 argue that the "functionalist assumptions" underlying barriers analysis in general and our paper in particular are problematic. They also argue that barriers analysis−a method widely employed both in scholarly climate change adaptation research and in national and international climate change assessmentsshould be replaced by approaches that remain untested in the context of climate change adaptation research−particularly in forestry adaptation and mitigation research. We believe that neither the scholarly research on adaptation and mitigation barriers nor our review have characteristics of functionalism or imply functionalist assumptions. Moreover, we disagree that barriers analysis can be replaced by the methodologies they propose because these latter approaches address different aspects and features of processes supporting movement toward comprehensive and integrated adaptation and mitigation in forest management. We do agree that there are knowledge gaps relative to examinations and explanations of causal mechanisms to explain decision-making and policy process outcomes that have already occurred, and we encourage research to address these gaps. Ultimately, D r a f t Introduction Wellstead et al. (2018) comment on our recent review concerning barriers to enhanced and integrated climate change adaptation and mitigation in Canadian forest management (Williamson and Nelson 2017) . We appreciate this comment for providing an opportunity to debate, discuss, and clarify social science research methods as they are applied to issues such as climate change adaptation and mitigation in Canadian forest management. Wellstead and colleagues initiated a similar exchange in the journal Nature Climate Change (original article by Eisenack et al. [2014] ; initial comment by Biesbroek et al. [2015] ; authors' reply by Eisenack et al. [2015] ). Researchers interested in the current discussion may also be interested in this earlier correspondence. Wellstead et al. (2018) take issue with our review of barriers to evaluate challenges and issues that may influence processes affecting movement toward comprehensive and integrated adaptation and mitigation in Canadian forest management. They challenge barriers analysis on the basis of what they claim are its underlying functionalist assumptions (discussed in the next section). They also question climate change adaptation frameworks and assessment methods currently being applied in forestry and they question economic general equilibrium theory, claiming that these approaches and theories are similarly flawed by their inherently functionalist orientations.
We agree with Wellstead et al. (2018) regarding the need for research into causation and mechanisms explaining policy and decision-making outcomes in the context of forestry and climate change. However, we disagree with their claims that barriers analysis, forestry adaptation frameworks, and economic general equilibrium theory are necessarily functionalist in orientation. We also disagree with their claim that barriers analysis fails to explain or help in understanding processes already underway in response to climate change in Canadian forest management, and that it should therefore be abandoned. We also disagree with the suggestion that widely applied methods such as barriers analysis, be replaced by approaches proposed by Wellstead et al (2018) that are largely D r a f t 4 untested in climate change adaptation research in general and in forestry research in particular. We expand on these points in the following sections.
Is the barriers approach functionalist by default? Wellstead et al. (2018) have based their argument on the assertion that the framework adopted for our review (i.e., the barriers framework) is "functionalist." One way to examine this general assertion is to compare their definition of functionalism with selected scholarly research on climate change adaptation. In fact, a substantial body of recent scholarly research is devoted to assessing barriers to climate change adaptation, explaining how they affect adaptation processes, and describing approaches for overcoming them. Analysis of barriers, constraints, limits, and capacity is also prominent in Canada's most recent national climate change assessment report (Eyzaguirre and Warren 2014) and the most recent (fifth) assessment report of the Intergovernmental Panel on Climate Change ).
Here, we discuss three important contributions to adaptation research focusing on barriers analysis (Moser and Ekstrom 2010; Eisenack et al. 2014; and Eisenack et al.2015) . We select these manuscripts because they are widely cited, they are representative of barriers research, and they consider conceptual aspects of this type of analysis. The content of these articles indicate a significant disconnect between the characterization of barriers research proposed by Wellstead et al. (2018) , and the actual nature of existing scholarly work on barriers. According to Wellstead et al. (2018) , barriers analysis as a general approach is problematic because it tends to be static, top-down, and linear in its explanation of adaptation; it lacks specificity about the "mechanisms and internal workings of institutional … systems"; and because of its underlying functionalist assumptions, including the assumptions that there exists "a state of balance and social equilibrium for the whole," "that collective decision-making … should be producing climate-adaptive decision and actions" (Biesbroek et al. 2015) and "that socio-political systems will automatically adjust to changes providing barriers are removed."
The first scholarly contribution to adaptation research focusing on barriers analysis referred to here was the article by Moser and Ekstrom (2010) , who presented a diagnostic framework to identify, examine, and explain barriers that may limit the response to climate change through various dynamic and iterative stages of intentional and planned adaptation processes. This framework appeared in the Proceedings of the National Academy of Sciences and, as of March 2018, had been cited more than 800 times in the scholarly literature. It has three components: an idealized depiction of adaptation process; a set of interconnected structural elements, including actors, the context in which they act (e.g., governance), and the system in which they act; and a matrix to aid in mapping the source of a barrier relative to an actor's influence over it. Moser and Ekstrom (2010, p. 22026) defined adaptation as involving "changes in social-ecological systems in response to actual and expected impacts of climate change in the context of interacting non-climatic changes. Adaptation strategies and actions can range from short-term coping to longer-term, deeper transformations, aim to meet more than climate change goals alone, and may or may not succeed in moderating harm or exploiting beneficial opportunities." Thus, Moser and Ekstrom (2010) did not portray adaptation in a static or top-down way, nor did they assume a state of balance or social equilibrium. They referred not to systems that are in equilibrium but to complex systems that are adjusting to changes related to both climatic and non-climatic factors. In brief, they characterized adaptation as a dynamic, messy, and iterative process. They recognized the importance of actors, context, system specifics, scale, and scope in terms of identifying adaptation barriers and explaining the influence of these factors on adaptation processes; they also acknowledged the importance of these factors in affecting actors' capacity to overcome barriers. Wellstead et al (2018, p. ??) , quoting Biesbroek et al. (2015) , suggest that one important concern about barriers research is that it "originates with the normative assumption that collective decision-making … should be producing climate-adaptive decision and actions." However, Moser and Ekstrom (2010, p. 22026) made no judgment regarding the need for, value of, or likelihood of adaptation success. Rather, they stated, "we are … not a priori normative about what the right scale D r a f t 6 or scope of adaptation should be. … Success in the near term may well turn out to be maladaptive in the long term, and vice versa." Wellstead et al. (2018, p. ??) also suggest that "categorizing any factor or process as a 'barrier' reduces complex and highly dynamic decision-making into simplified, static and metaphorical statements about why current outcomes are 'incorrect,'" This assertion mischaracterizes barriers research. Moser and Ekstrom (2010, p. 22027 ) defined barriers as "obstacles that can be overcome with concerted effort, creative management, change of thinking, prioritization, and related shifts in resources, land uses, institutions, etc." In other words, they described barriers as complex factors that are, in and of themselves, embedded within complex adaptation processes. As such, barriers contribute to the complexity of integrated adaptation and mitigation decision making. Identifying and describing barriers helps in describing and understanding the nature of this complexity. Moser and Ekstrom (2010, p. 22030) made no normative statement about the correctness or incorrectness of current states or current outcomes, nor did they make claims about the normative merits of adaptation in general or of removing barriers. Rather, they noted that "Although we do not view overcoming barriers as a normative 'must,' actors involved in the adaptation process may be interested in overcoming them." Wellstead et al. (2018) also claim that a telltale sign of the functionalism of barriers research is the inherent assumption that removing a barrier will automatically result in adaptation success.
However, this assumption is not typical of barriers research. None of the barriers related research studies that we reviewed (Williamson and Nelson 2017) claimed that removal or reduction of barriers (where feasible) would necessarily result in any kind of predictable or successful outcome. In fact, Moser and Ekstrom (2010, p. 22027 ) stated explicitly that "Overcoming all barriers does not necessarily lead to a successful outcome (however defined and by whom). Thus, a hypothetical smooth, barrier-free process is not a sufficient condition to guarantee adaptation success."
An interesting point of debate arising from this discussion is the degree to which reductionism and abstraction in climate change adaptation and mitigation research is necessary and justified to make sense of complex social phenomena, such as forest sector responses to climate change. Moser and Ekstrom (2010, p. 22027) identified several principles guiding their framework yet allowing for flexibility in application. One of these principles relates to their view of adaptation processes, whereby the idealized decision process within their framework aims to be "iterative and messy but linear for convenience." They also acknowledged (p. 22027) that "The decision process typically is less linear and neat in practice. … For the purposes here, however, the process stages provide a useful ordering heuristic." Thus, there is recognition that adaptation is in fact a complex, messy, and non-linear.
However, it is also clear that there is a need in adaptation and mitigation research for models that allow researchers to abstract from highly complex and difficult to measure realities and still provide a semblance of understanding of social phenomena that can be generalized. There is, therefore, necessarily a need to balance robustness with the need to abstract, break down, simplify, and generalize complex social processes, such as climate change adaptation and mitigation. The framework presented by Moser and Ekstrom (2010) illustrates this balance. It abstracts, to a degree, from the realities of decision making but extends well beyond the simplistic characterization of barriers research presented by Wellstead et al. (2018) .
The second important contribution to barriers analysis in adaptation research (Eisenack et al. 2015 ) was part of a sequence of articles in Nature Climate Change. As mentioned earlier an article by Eisenack et al. (2014) had been critiqued by Biesbroek et al. (2015) , with essentially the same arguments that Wellstead et al. (2018) are now using to critique our review (Williamson and Nelson 2017) . In response to the proposition that barriers thinking implies a static, top-down, or simplistic linear framing of adaptation, Eisenack et al. (2015, p. 495) pointed to barriers studies investigating how "grandfathered water use rights can impede local adaptation." They noted the recognition in these studies that "Adjustments of such social norms and institutions are messy, non-linear, and complex … numerous further studies now analyse barriers with approaches that acknowledge D r a f t 8 complexity, unforeseen contingencies and dynamic process." In response to the suggestion that barriers thinking assumes that social systems will automatically adjust to changes in the absence of barriers, Eisenack et al. (2015, p, 495) stated, "we overtly decouple the definition of barriers from the discussion of adaptation success … .we explicitly state that barriers are in the eye of the beholder, and that some actors may well welcome perceived barriers. There is no claim that valuations are shared and conflict free between actors." In summary, then, the core problem with the perspective outlined by Wellstead et al. (2018) is the view of functionalism as a central design feature that is ingrained in all barriers analysis. In contrast the scholarly articles noted above (Moser and Ekstrom 2010; Eisenack et al. 2014; Eisenack et al. 2015 ) treated barriers as complex factors that affect or influence dynamic and iterative adaptation processes.
These studies generally embrace a sophisticated conceptualization of adaptation processes. They are explanatory, and they often consider and incorporate analysis of "internal dynamics and processes" and they are not based on functionalist assumptions.
Does the analysis presented in Williamson and Nelson (2017) contain "functionalist overtures"?
As noted above, barriers analysis as a conceptual approach is not by default functionalist in orientation. Nonetheless, we acknowledge that analyses and approaches within particular contributions could be described as functionalist. Wellstead et al. (2018) suggest that our review of barriers in forest management in Canada (Williamson and Nelson 2017) had "functionalist overtures."
This description, if true, would imply that we simply listed barriers without explanation, that we used a top-down, static approach, that we assumed forest management systems were in a state of equilibrium that was constantly in balance, that we suggested that moving forward with comprehensive and integrated adaptation and mitigation in Canadian forest management was a simple matter of getting rid of barriers, and that we ignored important internal dynamics and processes. In actuality, none of the aforementioned characterizations or assumptions are evident in our review (Williamson and Nelson 2017) , as outlined below.
Our goal in preparing the review was to organize, synthesize, and analyze scholarly literature concerning barriers and challenges to comprehensive and integrated adaptation and mitigation in Canadian forest management contexts. The published articles that we cited were comprehensive in their explanations of barriers and the effects of those barriers on adaptation and mitigation processes.
In the review, we attempted to capture those explanations concisely. For example, we incorporated prior descriptions and explanations of institutional barriers to adaptation and mitigation in forestry, including examinations of institutions that have not yet caught up to decision contexts for forest management that have been altered by climate change (Keenan 2016; Millar et al. 2007; Klenk et al. 2011; Hoberg et al. 2016 ) and examinations of differences in costs and benefits of adaptation between the private and public sectors (the principal-agent problem) (Hotte et al. 2016) . We also explained how these features may impede progress toward comprehensive and integrated adaptation and mitigation in forest management. As such, our review went far beyond simply listing barriers without explanation or examination.
Contrary to the suggestion that our review presented a top-down, static analysis, we noted explicitly that "Addressing barriers requires a holistic approach that recognizes the complex and dynamic nature of forest management policy change processes" Nelson 2017, p. 1567) . Rather than presuming the existence of a state of equilibrium and positing that moving forward would be a simple matter of removing the barriers, we described a much more complex situation Nelson 2017, p. 1570) : "barriers are interrelated and … actions to address barriers individually will not necessarily be effective. … The barriers … are to varying degrees structural, interrelated, dynamic, and ubiquitous. … These features have implications for how and why barriers emerge and for how they may be addressed. The degree to which specific barriers or clusters of barriers are mutable varies. In some cases, reducing barriers requires system transformations, which often are the result of longer term, multiscale processes of social learning and policy reform." Thus our analysis neither presumes a state of equilibrium nor does it proclaim that removing barriers is simple or possible, nor does it claim that even if a barrier is addressed a successful outcome is D r a f t guaranteed. We conclude, therefore, that the analysis presented in Williamson and Nelson (2017) does not contain functionalist overtures.
Should the barriers approach be replaced by research on "mechanisms"? Wellstead et al. (2018) argue that barriers analysis should be abandoned and replaced by political science research methods that examine processes and mechanisms for policy-and decisionmaking, methods that so far remain untested in the context of climate change analysis in forestry. In particular, they suggest (p. ??) that "Explaining decision-making requires the identification of causal processes that are responsible for producing a certain outcome or effect." Although such methods may be useful for addressing an agreed-upon knowledge gap, responding to climate change at a sector level is not exclusively about policy making and decision making. Myriad interacting and continuous processes and sub-processes influence pathways toward particular states of adaptation and mitigation at specific points in time. Moreover, a particular state of adaptation or mitigation is unlikely to be an end state. In fact, an end state may never be reached. Pathways are neither predetermined nor predictable, and they may not be measurable or directly observable. Outcomes at any point in time may take the form of a decision to adapt/mitigate or to implement a new policy. Outcomes may also be in the form modified perceptions, greater awareness, more informed decision making, changed philosophies, reduced (or increased) conflict, gradual evolution of frames and beliefs, strengthened partnerships, gradual (possibly undocumented) change in institutions, modifications in science delivery mechanisms, better coordination, enhanced mechanisms for integration of science and policy, etc. Each of these potential outcomes contributes in some way to a particular state of integrated adaptation or mitigation at a particular point in time. However, these outcomes often result from processes outside the scope of policy making and decision making. Thus, methods for identifying and explaining causal processes and mechanisms that lead to a better understanding of policy/decision-making outcomes are only a part of the picture. Other processes and factors, such as social learning, social construction of risk, development of social capital, trust, communications, D r a f t 11 institutional change, autonomous (or spontaneous) adaptation, reframing, and scientific progress will also come into play.
Given that climate change effects on the forest sector are ongoing and iterative, forest sector responses can be expected to be similarly ongoing and iterative, with potentially no final outcome, final decision, or end state. This is the context in which we conclude that barriers analysis has an important role. Barriers are rooted in social science (e.g., institutional economics, cognitive bias, perceptions of risk), and they are to some extent tangible. Barriers analysis contributes to improved understanding of features or factors that affect transformation and change processes, and it helps in explaining why a system is (or is not) responding to a particular driver of change. Barriers analysis is useful in terms of making sense of complex adaptation processes (Biesbroek et al. (2013) . Moreover, as noted by Eisenack et al. (2015, p. 495) "the barriers concept is compatible with nuanced frameworks and theories of decision making from different disciplinary perspectives….the concept of barriers provides an important device for fruitful interaction: barriers serve as a boundary object intuitively and widely understood by both practitioners and scholars from different disciplines. This fosters a key priority for the future: collaboration and comparative research that enhances transdisciplinary learning across cases about empirically proven ways in which particular actors can deal with particular barriers to adaptation."
Finally, the political science research methods proposed by Wellstead et al. (2018) are designed to provide detailed descriptive accounts and explanations of decisions and policies that have already been made. We note three important features of barriers analysis that are not necessarily evident in the replacement methods proposed by Wellstead et al. (2018) . First, barriers research is more forward looking, in that it considers features and challenges with the potential to affect transition from one state to a different future state as opposed to describing decisions already made.
Second, barriers analysis more directly pertains to actual contexts of forest management (e.g., how resources are managed, goals and standards, practices, organizational structure, tenure D r a f t arrangements, forest management agents) and to features and processes that affect ongoing and incremental change in these aspects. Third, barriers analysis may be better suited to analysis of crosscutting challenges facing multiple actors who have an expressed interest in moving toward shared goals.
How are the approaches complementary?
As noted in the previous section, we disagree with the assertion that research into causation and mechanisms can replace barriers research. The main reason is that barriers research and research into causation/mechanisms are addressing different aspects of, and providing different perspectives on adaptation and mitigation processes. However, these different aspects and perspectives pertain to the same research challenge -namely to identify and evaluate factors, features, processes, and challenges that can help to explain and understand current states of comprehensive and integrated adaptation/mitigation and future movement toward this goal. Eisenack et al. (2015) noted that barriers analysis is an approach for identifying, examining, and explaining what factors are contributing to a circumstance where changes and transformation are not occurring at a rate commensurate with the external changes affecting the system. In the context of our review (Williamson and Nelson 2017) , barriers analysis is a method for identifying, explaining, and assessing what features or factors in Canadian forest management have the potential to affect or impede progress toward comprehensive and integrated adaptation and mitigation. This potential ideal state is described in the current scholarly forestry and climate change literature as an important next step in forestry's response to climate change (Millar et al. 2007; Klenk et al. 2011; Keenan 2016) . Wellstead et al. (2018) proposes research that identifies causation and mechanisms with the goal of explaining why particular outcomes, decisions, or policy choices related to climate change adaptation and mitigation actually occur. Therefore, the approaches used in Williamson and Nelson (2017) and proposed by Wellstead et al. (2018) are not mutually exclusive. Rather, they are complementary. In D r a f t general terms, barriers research address the "what" question whereas research into causation and mechanisms addresses the "why" question.
Are adaptation frameworks and vulnerability assessment functionalist in nature? Wellstead et al. (2018) also comment on adaptation frameworks and vulnerability assessments currently in use in North American forestry. They refer to these approaches as "black boxes" because analysis of public policy making and decision making is not hard-wired into their applications. Wellstead et al. (2013) have previously suggested that these frameworks are not academically robust and they are not useful to policy makers. However, in fact, adaptation frameworks and vulnerability assessments in North America have been developed by organizations with strong policy-making and decision-making roles (e.g., US Department of Agriculture Forest
Service, Canadian Council of Forest Ministers) with the goal of generating the kinds of information needed to make more informed choices about addressing climate change. In addition to creating novel information requirements, climate change adds significant complexity and uncertainty to forestry decision-making. Assessment methods and adaptation frameworks are tools and approaches designed to address these challenges, but there is no single approach suitable for all situations. Rather, these methods and frameworks are flexible, and they are typically tailored to a specific decision context. They are designed to provide the information that forest managers require in order to develop robust adaptation options to any number of possible future climate change pathways, across a range of potential impacts on forest management objectives. Most importantly, they are deliberative in nature, because decision making for climate change and forestry requires integration of scientific knowledge with the knowledge held by policy makers and forest management practitioners. This kind of decision analysis tool supports managers in their efforts to identify and prioritize feasible adaptation options based on current science. Their use and application in forest management contexts is expanding (Halofsky et al. 2018) . From an academic perspective, it may be D r a f t 14 true that adaptation frameworks and vulnerability assessment approaches do not explain policymaking processes at the level of sophistication preferred by Wellstead et al. (2018) , but this is likely because vulnerability assessments are not intended to support political science research. However, there is nothing inherent in these frameworks that assumes a simplistic or naive view of adaptation decision making or that prevents a particular decision-maker or policy maker from including policy analysis if it is perceived as relevant.
Is economic theory functionalist in nature?
As noted above, Wellstead et al. (2018) comment on economic theory. Highlighting our area of expertise (forest economics), they attribute our comfort with the so-called "functionalist barriers approach" to the fact that significant areas of economic theory, such as general equilibrium theory, also depend on structural functionalist assumptions. To support this argument, they provide a naive and inaccurate description of general equilibrium theory and what they characterize as its inherent functionalistic orientation. In our view, this overly simplistic and questionable viewpoint tarnishes and diminishes the otherwise constructive aspects that Wellstead et al. (2018) offer to a discourse on applied social science methods in the context of climate change adaptation and mitigation in forestry.
Conclusions
Questioning and challenging orthodoxy is at the core of scientific inquiry. As such, we appreciate the opportunity to clarify the methods being used to understand factors affecting forest management response in Canada to the challenges posed by climate change. We agree that there is room for improvement in research methods such as barriers analysis. However, justifying the abandonment of established approaches such as barriers analysis and replacing these approaches with untested and unproven political science theory oriented approaches would require substantially more in the way of supportable, valid, and logical arguments than what Wellstead et al. (2018) have offered. Any replacement methodology would have to be comparable in terms of its capacity to address similar kinds of research questions. To our knowledge, the approaches suggested by D r a f t Wellstead et al. (2018) have rarely been applied to studies exploring adaptation and mitigation in general and forest management in particular. Conversely, studies investigating barriers, limits to adaptation, capacity to adapt, and adaptation processes are widespread in both the scholarly climate change adaptation literature and in national (Eyzaguirre et al. 2014 ) and international ) assessment reports.
We are in agreement with Wellstead et al. (2018) , that further research into causes and mechanisms affecting policy-and decision-making outcomes would contribute to an improved understanding of the processes of adaptation, mitigation, or integrated adaptation and mitigation in forest management. Does the so-called "black box" of forest management decision making exist because of intentional (or unintentional) exclusion of this kind of research from adaptation and mitigation research programs, or does it exist because political scientists and sociologists have made only limited attempts to open it? We wholeheartedly encourage research along these lines.
In closing we note that social science researchers have repeatedly pointed out that there are a diversity of perspectives, perceptions, frames, and beliefs about climate change among professionals and the general public . In our review, we noted that differences in frames and beliefs about adaptation and mitigation pose challenges relative to moving forward with integration, and we suggested options for addressing these challenges (Williamson and Nelson 2017) . From the current discussion, it would appear that the same is true among social science researchers. Openminded, honest, and frank discourse and a commitment to mutual learning about social science research approaches applied to climate change adaptation and mitigation in general, and to forestry responses in particular, are needed. Moreover, a diversity of approaches in the social science toolkit are needed to address the many different dimensions of human response to issues like climate change. We encourage, therefore, further discourse on ways to enhance to improve, integrate, and apply social science research as it pertains to forestry response to climate change. There are many opportunities for purposeful, relevant, and robust empirical research leading to improved D r a f t understanding of processes that may ultimately lead to comprehensive and integrated adaptation and mitigation in forestry and climate change contexts (both in understanding how barriers pertain to these processes and in developing more robust understandings of causality and mechanisms). In our view these are complementary lines of inquiry, not substitutes.
